We describe a second-generation deficiency kit for Drosophila melanogaster composed of molecularly mapped deletions on an isogenic background, covering approximately 77% of the Release 5.1 genome. Using a previously reported collection of FRT-bearing P-element insertions we have generated and verified a set of 209 deletion bearing fly stocks. In addition to deletions, we demonstrate how the P-elements may also be used to generate a set of custom inversions and duplications, particularly useful for balancing difficult regions of the genome carrying haploinsufficient loci. We describe a simple computational resource that facilitates selection of appropriate elements for generating custom deletions. Finally, we provide a computational resource that facilitates selection of other mapped FRT-bearing elements that, when combined with the DrosDel collection, can theoretically generate over half a million precisely mapped deletions.
INTRODUCTION
The availability of chromosomal deletion collections is of considerable benefit to the Drosophila research community for gene mapping, the phenotypic characterization of alleles and genome-wide genetic interaction screens. Over many years a core deficiency kit, composed of 270 genetically heterogeneous deletions covering approximately 92% of the genome, has been built up by the Bloomington Drosophila Stock Centre (BDSC: http://flystocks.bio.indiana.edu/Browse/df-dp/dfkitinfo.htm). Continuing efforts by the Bloomington Centre are currently focused on expanding genome coverage by recovering deletions in the vicinity of haplo-insufficient regions (K. Cook, pers. comm.) . Despite the considerable utility of this collection it does, by its very nature, suffer from a number of limitations. These include a heterogeneous genetic background, the presence of uncharacterized second-site mutations and, for most deletions, molecularly undefined breakpoints.
More recently, two groups have taken advantage of two key technologies: large collections of transposon insertions precisely mapped to the Drosophila genome sequence and site-specific recombination, to develop tools for producing custom chromosomal deletions in homogeneous genetic backgrounds that are mapped to the genome sequence with single base-pair resolution (Parks et al. 2004; Ryder et al. 2004; Thibault et al. 2004) .
In both cases the new deletion collections are generated using FLP-mediated recombination between pairs of transposon-borne FRT sites, a method originally developed in Drosophila by Golic and Golic (1996) . In one case (Parks et al. 2004 ), a set of over 29,000 P-element and piggyBac insertions (Thibault et al. 2004) were used to generate 519 deletions covering 56% of the euchromatic genome (the Exelixis collection). The high number of starting insertions used by this group allows fine-scale coverage of the genome with relatively small deletions, the average size of the existing collection is approximately 140kb, and is facilitating the ongoing efforts of BDSC to 5 increase genome coverage. While this collection provides a route for mapping and screening particular regions of the genome at a relatively high resolution, the fact that over 1,000 deletions of this size are needed to cover the genome makes it less suitable for high-throughput genome-wide screens; with 270 stocks the traditional deficiency kit is more useful in this respect. In constructing our deficiency collection we have taken a similar approach to Parks et al. 2004 , however, we generated deletions with a larger average size and thus provide a complementary resource to their collection. Thus genome-wide screens in defined genetic backgrounds can be rapidly performed at medium resolution using the DrosDel collection and subsequently specific regions can be targeted at higher resolution using Exelixis or BDSC deletions.
In this paper we describe the expansion of the DrosDel P-element collection and its use to construct a genome-wide deletion set, covering approximately 77% of the euchromatic genome on a single isogenic genetic background. As described by Golic and Golic (1996) , recombination between FRT sites can be used to create other precisely mapped chromosomal aberrations such as inversions and duplications. Using our insert collection, we present methods for constructing deletions in "difficult" regions of the genome, for example those harboring haplo-insufficient loci, by generating covering duplications. These methods complement the approaches being taken by BDSC and hold out the prospect of generating complete deletion coverage of the Drosophila melanogaster genome.
Finally, we describe how FRT-bearing elements from the DrosDel and Exelixis collections can be combined to generate a theoretical set of over 500,000 precisely mapped deletions and we introduce a simple computational interface for mining these FRT-derived deletions (FDDs).
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MATERIALS AND METHODS
Mapping of P-elements:
Mapping of elements for the collection was performed by inverse PCR and sequencing as described previously (Ryder et al. 2004) . Along with new insertions, all existing mapped elements were re-aligned to release 5.1 of the Drosophila genome. Additional information can be obtained from the DrosDel website (http://www.drosdel.org.uk).
Construction of chromosomal aberrations:
The structure of the RS3 and RS5 constructs means that the FRT sites and fragments of the white gene are in different orientations depending on the element type ( Figure 1A ). This must be taken into consideration when designing aberrations and Figure 1B shows the outcomes of recombination events between elements in different relative orientations with respect to the chromosome. The orientation of elements is based primarily on the P-element ends in relation to the genome scaffold (for example an element in the forward orientation would be 5' ---< 5'P==3'P >---3') and we refer to this orientation as P(F) and its inverse as P(R). Due to the structure of the RS elements, the orientation of the internal FRT sites differs depending on the element type. When referring explicitly to the FRT orientation, the terms F(F) or F(R) will be used. We have designated inversions created by FLP-mediated recombination using RS elements as EIN (European Inversions, e.g. In(2L) EIN1) and duplications generated by recombining these inversions as EDP (European Duplications, e.g. Dp(2;2)EDP1). New deletions generated by recombining inversions are named after their inverted progenitors and, since they are inversions, given an EIN designation (e.g. In(2L)EIN17 L EIN30 R ), see Table 3 .
Deletions: Deletion crosses were performed as described previously (Ryder et al. 2004;  http://www.drosdel.org.uk). A computer program was designed to select pairs of RS3 and RS5 elements that were less than 1Mb apart and in the correct orientation relative to the chromosome 7 and to each other. Fly stocks carrying RS elements of interest were heat-shocked in the presence of 70FLP to remove part of the mini-white gene and the resulting reduced RSr elements were isolated as white-eyed progeny. Flies carrying both the two reduced elements in trans and 70FLP were heat-shocked to construct the deletions, subsequently isolated as exceptional w + progeny.
Tip deletions:
The method used for construction of tip deletions was identical to that for normal intra-chromosomal deletions (Ryder et al. 2004) except that the two starting elements selected were very close to the ends of two chromosomes, one 11 kb from the tip of the X, the others approximately 100 kb from the tips of both arms of chromosomes 2 and 3. The resulting deletions are non-reciprocal translocations in which autosomal terminal deletions are capped with the tip of the X.
Inversions:
Inversions were constructed by the FLP-FRT method from RS3 and RS5 elements carried in cis and in the same orientation (Golic and Golic 1996) . One of the resulting breakpoints of these inversions carries a reconstituted w + and an FRT site; the other breakpoint carries a single FRT site with no associated w gene. Several types of inversion can be constructed and are designated Type 1 -4 ( Figure 2A ). Which breakpoint carries w + is determined by the orientation of the FRT sites.
Duplications and deletions derived from inversions:
Duplications (and deletions) may be isolated as a result of exchange between two similar inversions ( Figure 2B ) (Muller 1930) .
Recombination within the inverted region results in aneuploidy for the regions between the inversions' breakpoints. Pairs of inversions were selected with one similar breakpoint and one breakpoint differing by up to 2.9 Mb. Crossing-over between the inversions resulted in duplications of these regions, which could then be used to recover deletions that would otherwise be haplo-lethal (Sturtevant 1925; Tsubota 1991) and, less frequently, by sister-chromatid exchange (Peterson and Laughnan 1963) .
Confirmation of deletions:
Deletions were confirmed using both molecular and genetic methods.
For genetic confirmation, putative deficiency lines were crossed with stocks that carry a molecularly defined visible or lethal mutation predicted to be uncovered by the deletion. Failure of a putative deficiency stock to complement these mutations strongly suggests that the deletion is present. Figure 1C shows three potential methods for confirming deletions at the molecular level. As a tool to aid deletion confirmation, primers were automatically designed for all predicted deletions in the DrosDel collection using a Perl script linked to Primer3 (Rozen and Skaletsky 2000) . Primer3
parameters (min anneal=50˚C, max primer length=26, min CG%=18) were chosen to pick primers approximately 300bp away from the P-element ends. As the 3-step process was used routinely in the laboratory, the primers were paired with the PRY4 primer (CAATCATATCGCTGTCTCACTCA) for design purposes, however, in most cases they should also work in combination for the 1-step confirmation protocol. The presence of the re-constituted w 9 gene in the 3-step process was determined by amplification across the FRT site using the W7500D (GTCCGCCTTCAGTTGCACTT) and W11678U (TCATCGCAGATCAGAAGCGG) primers as originally described by Golic and Golic (1996) . For the 1-step and 2-step confirmation long range PCR was performed using the custom primers designed for the 3-step confirmation and the Expand long template PCR system (Roche Diagnostics) using the standard 'system 1' (2-step) or 'system 2'
(1-step) protocol.
For conventional polytene chromosome analysis we used propionic-carmine-orcein squash preparations (Ashburner 1989) . In situ hybridizations were performed with biotinylated probes and horseradish peroxidase detection according to standard protocols (Ashburner 1989) . Polytene chromosomes were interpreted using the revised maps of C.B. and P.N. Bridges (see Lefevre 1976) .
RESULTS
Update of P element collection:
The current number of mapped RS elements we have processed is shown in Table 1 . After eliminating 109 lines according to our previously described criteria (Ryder et al. 2004 ), a total of 3332 elements remain, adding a further 89 insertions to our collection. Each of these RS insertions maps to an unambiguous location on the Release 5.1 genome sequence and full details for each insertion, along with a collection of search tools, are available via the DrosDel web site. These sequence data have been submitted to GenBank (Accession numbers AJ545047 -AJ547612, AJ622065 -AJ622812) and are also incorporated in FlyBase (http://www.flybase.org).
Theoretical and computational generation of deletions: Deletions were designed on the basis that the maximum deficiency a fly can reasonably tolerate is approximately 1Mb (Ashburner et al. 2005) . Since the mapping of the original elements will produce different strand matches, depending on which end was amplified or element type used, a script was first used to orientate the elements in relation to their P-element ends (P(F) and P(R)). For each element in a given orientation the data set was scanned for elements of a different type that were within 1Mb and in an orientation that would produce a functional reconstituted white gene after FRT-mediated recombination. The correct relative orientation of the elements with respect to each other ( Figure 1B ) is important if deletions are to be selected on the basis of eye color. The correct orientation of elements produces a deletion with a w + phenotype (with a reciprocal w duplication), whereas other orientations produce a w + duplication and a phenotypically untraceable w deletion. Note however, that w deletions may be selected via a molecular screen, for example using a sib-selection strategy (Kaiser and Goodwin 1990 a very high success rate. We were unable to stabilize all deletions as balanced stocks, however.
Several were dominant male and/or female sterile, lethal or sterile over balancers or generally too sickly to be maintained without constant attention. In some cases this lack of viability could be attributed to particular haplo-insufficient loci or, in the case of large deletions, presumably to the additive deleterious effects of haploidy for many genes (data not shown). A summary and detailed statistics on the collection are provided in Tables 1 and 2 and the list of all deletions is provided in supplementary Table 1 .
Although the original concept was to create minimal overlap coverage with as few deletions as possible, in reality this protocol was changed in light of several practical issues. These included failed deletions, the paucity of elements in some regions and the detection of false positive lines. In addition, we found that some stocks are too sick to be kept in the long term or proved to be impossible to balance, making them inappropriate for stock centre maintenance. Table 2 ). The coverage of all deletions that have been constructed by the DrosDel consortium is over 77% of the genome ( Figure 3 shows an example of coverage on chromosome 2L). While not all these are currently available from stock centers due to balancing issues and stock health, they may be requested from individual labs via the Szeged stock centre. Theoretically the RS elements in the DrosDel kit are capable of covering nearly 97% of the euchromatic genome. However, in practice this coverage level cannot be achieved using simple deletions due to haplo-insufficient regions.
Confirmation of deletions:
Three methods were used for molecularly confirming deletions via PCR ( Figure 1C ). The three-step process amplifies the 3' ends of both parental elements and separately confirms that the reconstituted white gene is present. It does not, however, unambiguously confirm that the white gene is associated with the P-element, or that a deletion is present. Neither the two-step process, amplifying from both ends across the FRT, nor the one-step process amplifying across the entire RS5+3 element could be used routinely due the difficulties encountered when attempting to consistently amplify large PCR products. For this reason we confirmed the deletions by the three-step method, and subsequently re-confirmed by genetic complementation where possible. We strongly recommend however that groups who create their own deletions with the DrosDel system attempt to use the one-step confirmation method. A subset of deletions was also confirmed by cytological analysis of polytene chromosome (Figure 4 ).
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The results of the deletion construction efforts are summarized in Tables 1 and 2 . Of the 665 putative deletions we have constructed, 56% (370) have been molecularly confirmed by PCR. 17%
(111) gave an ambiguous result in one of the 3-step PCR assays and could not be confirmed in this manner; this does not necessarily indicate that these deletions are false positives, but they should be viewed with a degree of caution. These chromosomes should be tested by the one step PCR method. We note that the since the strategy requires reconstitution of a functional w gene then imprecise breakpoints due to chromosome resection will not be recovered since such events would eliminate w before removing flanking genomic DNA. The remaining 27% (184) of the collection
has not yet been tested. In addition to molecular analysis, 36% (239) There are several reasons why we may not recover particular deletions. In the most trivial cases, especially for larger deletions, we may simply have failed to screen enough progeny and it is possible that a given deletion may be recovered in a larger-scale cross. It is also possible that some of the failed deletions were not recovered because they uncover unmapped haplo-insufficient regions. We encountered a variable level of false positive recovery, depending upon the deletion being attempted. In the majority of crosses all the progeny were of the expected genotype, however, about 6% of the deletion crosses segregated red-eyed individuals that produced homozygous viable lines or lines that failed genetic complementation tests or lines in which the w + mapped to the wrong chromosome. These are unlikely to be carrying deletions and were discarded as false positives. Our current view is that false positives result from aberrant recombination events mediated by the FLP recombinase but we have not investigated the nature of these chromosomes further.
Homozygous viable w + lines were not always false positives. For example we found that when making Df(1)ED7635, a 278 kb deletion in region 19B, viable w + males were produced though they were weak and sterile. Since we expected the deletion-carrying males to be non-viable we presumed that the cross was generating a false positive. We were surprised to find that the deletion was confirmed by PCR and therefore we generated a slightly larger deletion, Df(1)ED13157, a 288 kb deficiency removing the 18 genes between CG32529 and CG9576, which was also male viable.
We identified 3 other non-vital regions of the fly genome during the course of our screening, all of 15 which were molecularly confirmed by PCR. In the 64B region, a deletion encompassing 7 genes between CG11357 and CG32246 (Df(3L)ED4342/Df(3L)ED210 trans-heterozygous combination) region.
Analysis of deletion construction:
The frequency of deletion recovery was monitored in two different ways; either by absolute number of w + flies recovered or by the number of vials that produced a w + fly. The second method was preferred since it removes any bias resulting from germline clusters. Results of the deletion recovery screens analyzed by deletion size are summarized in Figure 5 . Although the frequency of deletion recovery has a large standard deviation there is a clearly observable trend between the frequency of recovery and the size of the deletion attempted ( Figure 5A ). These data also indicate that, although recovery of larger deletions requires screening larger numbers of progeny, there is only a slight difference in the overall success rate ( Figure 5B ): our observations here are similar to those reported by Golic and Golic (1996) . A difference in somatic variegation after the 'flip-in' round of heat shock was also noticed such that crosses producing RS3r/RS5r trans-heterozygotes with a greater frequency of eye-color mosaicism tended to yield deletions more frequently in the following generation ( Figure 5C ). Deletion recovery frequencies were similar on all chromosome arms (data not shown).
Coverage of the DrosDel deletion kit: Current genome coverage of the DrosDel kit is summarized in Tables 1 and 2 
Duplications:
In order to increase the coverage of the DrosDel collection, in particular to recover deletions in regions harboring haplo-insufficient loci, we set out to generate a series of duplication stocks. In addition to covering haplo-insufficient loci, duplications have a more general utility in dosage sensitive screens. We describe here the general methods we have adopted for duplication generation using the DrosDel collection. The start points for producing stable FRT-based duplications are inversions, which are generated by recombination between an RS3 and an RS5 element carried in cis and in the same relative orientation. Figure 2B ), the exceptional w progeny carry a duplication of region F, the region between the unique inversion breakpoints. The reciprocal event is a deletion, which can often be recognized phenotypically as a darker-eyed fly due to the two copies of w + carried on this chromosome.
To illustrate the general utility of the DrosDel collection for carrying out this sophisticated chromosomal engineering, we focus on the distal half of chromosome arm 2L. We generated 48 inversion chromosomes (Table 3) , designated In(2L)EINn (where n is a unique numerical identifier). In these particular examples we have generated paracentric inversions, however, pericentric inversions are also easily generated (Golic and Golic 1996) . We used these new inversions to generate a series of 41 duplication chromosomes (designated Dp(2;2)EDPn) covering the entirety of the chromosomal region from 21B1 to 32A4, approximately 10% of the euchromatic genome ( Figure 7 and Table 4 ). The duplications ranged in size from 20 kb (Dp(2;2)EDP36) up to 2.91 Mb (Dp(2;2)EDP3), with high recovery rates (3-20% of progeny) that are apparently dependent upon the size of the duplications and the distance between the inversion breakpoints. To increase the utility of the duplication set, for example for balancing haplo-lethal deletions, we selected pairs of inversions with different proximal breakpoints as well as the different distal 18 breakpoints used to define the duplication. Thus all the duplication chromosomes carry a 334 kb deletion of the 37B1-C5 region and are homozygous lethal. crosses between inversions we also generated 17 new deletion chromosomes that we were able to maintain easily as stocks, 3 of which fill gaps in the standard deletion kit (Table 6 ). Taken together, this focused study illustrates how powerful FRT-based recombination can be for manipulating chromosomes with a high degree of accuracy. Again, we emphasize that all of the duplications are carried out in the same genetic background as the DrosDel deletions.
Tip deletions:
In order to provide as complete a deletion kit as possible we attempted to construct deletions covering the telomeric regions of each of the four major autosomal arms. These deletions were isolated by designing translocations in which terminal deletions were capped with the tip from another chromosome. The deletions were designed by selecting an RS5 "tip donor" element located very close to the tip of the X chromosome and corresponding RS3 "tip recipient" elements situated approximately 100 kb from the tips of the autosomes. The tip donor element is in the minus orientation. The complementary tip recipient elements are in the plus orientation on left arms, or the minus orientation on right arms. These chromosomal aberrations are equivalent to the separable components of reciprocal translocations i.e. translocation segregants (Ts). For example where the tip of the X has been used to cap a terminal deletion of 2L the resulting aberration could be described as Ts(1Lt;2Rt) because it carries the landmark telomeres from 1L and 2R. Four such tip deletions were isolated ( 
Df(3L)ED50002
is homozygous viable and none of the five genes it uncovers has a known visible or lethal phenotype. In all four cases PCR confirmation of these deletions failed at the X-linked end only, suggesting a problem with the PCR conditions or the custom primer used for the 5- HA-1994 insertion, which could not be overcome.
An FRT-derived deletion kit: As we describe above, in addition to our DrosDel collection, the PiggyBac elements made by Exelixis (Thibault et al. 2004 ) have also been used to generate deletions by FRT-mediated recombination. While the collections are based on different transposable elements, they nevertheless contain very similar FRT sites. Therefore, in principle it should be possible to combine elements from each collection to increase genome coverage and facilitate the generation of highly specific single gene deletions. To facilitate such approaches we calculated all possible deletions smaller than 500 kb that can be made by combining elements from the two collections and have named these FDDs (FRT-derived deletions). To achieve this we used the sequence data from the Exelixis collection of insertions from Harvard Medical School (http://drosophila.med.harvard.edu/) to re-map these insertions with respect to the Release 5.1 genome sequence. Combining both collections we find that over half a million (534,209) FDDs can theoretically be constructed (Table 8) and that over 73,000 of these can be easily tracked through a change in eye color. The remaining 460,625 deletions can be detected by specific PCR assay. In total, these combined deletions cover over 97% of the euchromatic Drosophila genome, though clearly there will still be some regions of the genome where deficiencies cannot be recovered due to 20 haplo-insufficiency. However, in most cases we have shown that deletions encompassing haploinsufficient loci can readily be recovered by generating specific duplications. We therefore conclude that by combining both collections it will be possible to generate virtually complete genome coverage of precisely mapped deficiencies in defined genetic backgrounds. Drosophila therefore is the first model organism where complete genetic dissection of a genome can be accomplished with the help of overlapping deletions, duplications and other chromosomal rearrangements, all precisely defined at the DNA sequence level. This provides a powerful set of tools for comprehensive functional genomics with a complex eukaryotic genome.
Using the FDD approach, we were interested to determine how many single gene deletions could be constructed and found that a total of 614 complete single gene deletions are possible; 30% of these can be easily tracked via an eye color screen. In addition, a further 1704 partial gene deletions, which would be expected to generate null alleles, can also be generated and 37% of these can be tracked by eye color. Taken together, we suggest that over 15% of the predicted Drosophila gene complement could be disrupted with the FRT-based deletion approach. Of the 2318 gene disruptions we predict, 14% have no known associated alleles. A database and a deletion search engine for FDDs are available at www.drosdel.org.uk/fdd/del_hunter.php.
DISCUSSION
Several years ago Golic and Golic (1996) demonstrated how recombination between FRT sites in the Drosophila genome could be used to precisely engineer chromosomes. In this paper we report the use of a collection of Drosophila stocks carrying FRT-containing P-elements to generate a large set of new chromosomal deletions. In addition, we show how the collection can be used to generate other chromosomal aberrations for manipulating the Drosophila genome. All of the starting elements are carried in an identical genetic background and are precisely mapped with respect to the genome. As a consequence, the breakpoints of all the chromosomal rearrangements we have generated are accurately defined and the precise gene content of deleted or duplicated regions is known. This combination of genetic homogeneity and molecular precision is highly advantageous for genome-scale genetic screens and genomics studies (e.g., microarray experiments; Whitehead and Crawford, 2006) . Both are techniques where sensitivity to genetic background can result in many false positives or negatives, thus, eliminating background effects makes such screens less noisy. Similarly, when using deletions or duplications to carry out genetic or molecular dosage sensitive screens, identification of contributing genes is expedited by knowing the gene content of aneuploid stocks. By making this collection available to the research community we provide a set of tools that increase the already highly sophisticated way in which the fly genome can be manipulated and provide a technical route much easier to implement than more traditional chromosome engineering methods (e.g. Gubb 1998 ).
Demonstrating the utility of the collection, we generated a set of 642 deletions, covering 77% of the euchromatic genome and, as shown with chromosome arm 2L (Fig 3) , the collection is capable of producing high-resolution tiles of overlapping deletions. In general, the FRT-based method appears to be robust when utilized at a whole genome scale, a conclusion also reached by Park et al. when they developed a similar collection. The major barrier to generate full genome coverage that we encountered was the issue of haplo-insufficiency or poor viability when the deletions are combined with common balancer chromosomes. In practice, these limitations prevent submission of our entire collection to the stock repositories, since healthy stocks are a prerequisite for high volume fly maintenance. At present we have made available a core collection of 209 validated and healthy stocks that cover over 60% of the genome. Of course, as we demonstrate, recovery of a particular deletion is a relatively straightforward procedure and we are aware of 17 research groups that have utilized the DrosDel collection in published studies, using either our deletions or the tools and 22 resources we provide to generate custom deletions. To overcome this limitation we demonstrate how stable covering duplications that rescue haplo-insufficiency can be easily generated from the DrosDel kit by FRT-mediated recombination. We have also demonstrated that the DrosDel kit can be used to identify previously unknown haplo-insufficient loci and to locate previously known loci onto the scaffold. Our approach of using covering duplications complements the targeted hybrid element insertion and FRT-based methods being used by BDSC to generate deletions closely flanking haplo-insufficient loci (Parks et al. 2004 ).
The dominant male sterility of Df (3R) (Andrews et al. 2000) , is the most likely candidate.
Duplications allow the recovery of deletions of Minute loci, which usually correspond to haploinsufficient ribosomal protein (Rp) genes (Lambertsson 1998; S. Marygold and colleagues, pers. comm.) . In the distal half of 2L we constructed duplications to rescue otherwise inviable deletions in 7 regions, including three regions known to harbor Minute loci: 23B, 28D and 31A.
The DrosDel deletions were also used by Marygold and colleagues (personal communication) to map Minute loci and hence aid identification of the Rp genes that correspond to these Minutes. In mapping M(1)8F it was noted that neither Df(1)ED7289 nor Df(1)ED7294 show a Minute phenotype. This delimits the number of candidate genes to just 2, one of which is an Rp gene,
RpL37a. Df(3R)ED6231 has a Minute phenotype and is the only deletion to uncover M(3)96CF.
The deletion removes RpL27 and no other Rp gene, strongly suggesting the correspondence of this
Minute locus with the Rp.
These results show how the DrosDel collection can be effectively employed to allow genetic analysis of even "difficult" regions of the genome. We continue to generate duplication chromosomes; we have currently generated almost complete coverage for 2L, approximately 2/3 of 2R and have started work on chromosome 3 (G. Reuter, unpublished data). The hope is that complete genome coverage will be obtained, facilitating both region-specific genetic analysis as well as genome-wide dosage sensitive screens.
Finally, the possibility of combining elements from the DrosDel and Exelixis collections offers the prospect of substantially increasing the genome coverage of small precisely defined deletions.
Together these resources will facilitate very rapid and straightforward genetic analysis of defined regions of the Drosophila genome. 5  9  2  7  6  1  3  7  2  2  1  5  3  2  8  3  8 2 R A cytological map of the region of chromosome 2L from 21A1 to 32A4 with the location of the 41 duplications described in Table 4 . Above the map, the locations of the lethal/haplo-insufficient regions rescued by the covering duplications described in Table 5 are indicated. The scale bar represents 500 kb of genomic DNA.
